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14 cm





M. Krisch et al  PNAS 108 9342 (2011)

Trivalent (localized f)

Tetravalent (delocalized f)

- Trivalent potential gives good agreement with generally accepted picture of localized f electron
- Trivalent potential gives imaginary phonon dispersion at a Ce regime where the tetravalent one gives 

good agreement with experiments 
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5 GPa

J. Wittig PRL 21 1250 (1968)
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J.C. Lashley et. Al., Journal of Nuclear Materials, 274 (1999) p.315-319











Sig, Met. And Mat. Trans. A, 39A (2008).









B. Johansson and A. Rosengren PRB 11 2836 (1975)

Generalized superconductivity trend of lanthanides





El-ph coupling and nesting of a-U Ce 

The coupling strength is high 
at S4 branch
It enhances with lower pressure  

With Allen-Dynes equation

We got Tc = 4.5 K at 6.5 GPa



Joe Wong et al Science 301 1078 (2003)

C. Stassis et al PRB 26 5426 (1982)



Vibrational entropy contribution to the a-g phase 
transition

Phonon contribution to the phase transition cannot be neglected !

*Total entropy change across the  
transition

I.-K. Jeong et al PRL 92 105702 (2004)

0.32 kB

Ultrasonic measurements

FF. Voronov et al Soviet Physics-Doklady 135, 1280 (1960)
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We calculated the entropy change 



 





van der Pauw measurement

A B C

D

EF
G

H

r1 =  f(RACGE/RCEAG)(pd/ln2)(RACGE + RCEAG)/2

r2 =  f(RGEAC/RCEAG)(pd/ln2)(RGEAC + RCEAG)/2
r3 =  f(RHFBD/RFDHB)(pd/ln2)(RHFBD + RFDHB)/2
r4 =  f(RBDHF/RFDHB)(pd/ln2)(RBDHF + RFDHB)/2

RACGE = VCE/IAG

RCEAG = VCE/IAG

RGEAC = VGE/IAC

RHFBD = VHF/IBD

RFDHB = VFD/IHB

RBDHF = VBD/IHF

1 mm = d

5 mm

5 mm

8 contacts, 2 independent van der Pauw configurations
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Order Parameter (Q)
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Canonical D-Bands



fcc

hcp Sm-typedhcp



Generalized Phase Diagram for the Lanthanides (Johansson+Rosengren)



CANONICAL D-BANDS





Pressure induced fcc-bct transition in Thorium (Th) 

Pressure induced bct – a-uranium structure in Protactinium (Pa)

CANONICAL F-BANDS



CANONICAL F-BANDS







El-ph coupling and nesting of a-U Ce 

The coupling strength is high 
at S4 branch
It enhances with lower pressure  

With Allen-Dynes equation

We got Tc = 4.5 K at 6.5 GPa



The Highest Superconductivity TC Table of Elements 
under Pressure 

Image courtesy of Dr. Takahiro Matsuoka 



• Allen-Dynes formula (PR B 12,905 (1975) for Tc

• Calculated Tc for alpha-U Ce 4.5 K

• Calculated Tc  for fcc Ce  1.0 K


